In this work, a new application of random distributed feedback lasers to fiber optic sensing has been presented. The particular properties of these lasers, such as the lack of longitudinal modes and high stability, have been exploited to monitor transversal load using a phase-shifted fiber Bragg grating (PS-FBG), obtaining a resolution of 1g and a sensitivity of 3.95GHz/Kg. Due to the PS-FBG birefringence and the load-interrelated transmission lines generated by the PS-FBG along the orthogonal polarization directions, the beating of the two emission lines generated in the laser can be monitored in the electrical domain. As a result, transversal load applied on the sensor can be measured.
INTRODUCTION
Random distributed feedback (DFB) fiber lasers generated by means of the amplified backscattered light in single-mode fiber (SMF) have been lately proposed by Turitsyn et al. [1] . The backscattered light caused by the Rayleigh scattering effect along kilometers of SMF provides this feedback and the stimulated Raman scattering effect generates the amplification process. Several works have analyzed the particular properties of these fiber lasers, such as their lower noise figure, mode-less behavior, absence of mode competition and mode hopping. Although just a few works have been proposed recently [2] - [5] , random DFB lasers have a promising future in the optic sensing field.
Fiber Bragg gratings (FBGs) have been studied intensively during the last years due to their wide variety of industry applications, such as components in fiber-optics communication systems and many kinds of fiber-optics sensors. However, classical monitoring techniques based on the analysis of the optical spectrum offer limited resolution. As a consequence, frequency beating techniques using dual-wavelength continuous wave lasers in conjunction with FBGs are now being explored as a possibility to improve the resolution attained. Some interesting approaches to monitor physical properties like liquid-level [6] , strain, temperature [4] and simultaneous strain and temperature [7] have been carried out using this beating technique. Moreover, transversal loading sensors have been demonstrated [8] - [9] achieving a maximum sensitivity of 1.42 GHz/Kg in [9] . Despite that, this system is not able to demonstrate high resolution measurements due to the intermodal distance given by the cavity length, which limits the resolution of such fiber laser systems.
In this work, the beating of two narrow-linewidth emission lines of a random DFB fiber laser is monitored to obtain high-resolution transversal load measurements, with a sensitivity of 3.95 GHz/Kg and a resolution of 1g. The modeless behavior of the laser provides high frequency stability and eliminates instabilities related to mode hopping and mode competition, which are present in previous approaches.
EXPERIMENTAL SETUP AND PRINCIPLE OF OPERATION

Experimental setup
The presented setup (Fig. 1 ) is based on a forward-pumped random distributed feedback (DFB) fiber laser. A wavelength division multiplexer (WDM) is used to inject the pump laser (IPG RLD 3-1445) into the cavity formed by 50 kilometers of TrueWave single mode fiber spool (TW-SMF). This fiber performs two important roles: on one hand it is used as the active medium for the amplification due to the stimulated Raman scattering effect. On the other hand, it acts as the distributed mirror required for the laser generation, providing a weak feedback along the fiber because of the Rayleigh scattering effect. The back scattered light in the fiber enters into a loop mirror by the port 2 of a 3-port optical circulator, is filtered by a programmable filter and a phase-shifted Bragg grating (PS-FBG), which acts as a filter and a sensor at the same time. Finally the light is redirected again into the cavity. An optical isolator is placed at the fiber end to avoid any reflection or undesired feedback from the output port to the laser's cavity. Another WDM is disposed after the isolator to extract the pump wave remaining at the end of the fiber. A polarization controller and a polarizer have been used in order to adjust the power of the two emission lines and enhance the beating between them. The signal has been firstly monitored in the optical domain using a BOSA (Brillouin Optical Spectrum Analyzer) and also has been filtered, detected by a 12 GHz-bandwidth photodetector and finally monitored on an Electrical Spectrum Analyzer (ESA). A variable attenuator was used at the output of the laser to limit the power received and protect the devices.
Figure1. Schematic diagram of the proposed laser for transversal load measurements; inset is the loading configuration.
Sensing principle
Typically, PS-FBGs present two transmission peaks due to the different refractive indexes along the orthogonal directions. When a transverse force is applied to the sensor, those transmission lines will separate due to the change in the PS-FBG birefringence. The frequency spacing between the two transmission peaks along the two orthogonal polarization states is given by [10] :
Where n0 is the average index of the fiber, λ0 is the Bragg wavelength of the fiber grating and B is the load-induced birefringence, given by
And p11 and p12 are the components of the strain-optical tensor of the optical material, υp is the Poisson's ratio, E is the Young's modulus of the fiber, θ is the angle between the direction of the force and the polarization axis of the fiber, r is the radius of the fiber and F is the linear transverse load (force per unit length). Thanks to the load-interrelated transmission lines along the orthogonal polarization directions, two emission lines are generated at different frequencies. The beating between these two signals will generate a third signal whose frequency is a function of the load induced birefringence. As a result, the transverse load applied to the PS-FBG can be determined by measuring the beat frequency.
EXPERIMENTAL RESULTS
In the experiment, a PS-FBG with transmission peaks located around 1545.3 nm was used. A programmable filter with a tunable band-pass of 0.1nm was used to filter the transmission peaks of the PS-FBG. Initially, the verification of achieving a random DFB fiber laser was carried out. Firstly, Fig. 2(a) shows the abrupt increase of the peak power corresponding to the lasing threshold of the system (1.32W). Additionally, the lack of longitudinal modes was verified by observing the self-heterodyne signal of the laser in the electrical domain. The optical spectrum of the laser can be seen in Fig. 2(b) measured by means of a BOSA with a pump power of 1.46W. The peak power obtained is -13.7 dBm with an optical signal to noise ratio of around 10dB. Figure 2 . a) Study of the output power vs pump power injected in the system. b) Optical spectrum of the random DFB fiber laser used for transversal load sensing.
After demonstrating the adequate behavior of the system as a random DFB laser, the transversal load measurements have been carried out. When transversal load is applied, the wavelength spacing between the two polarization peaks increases ( Fig. 3(a) ); consequently, the electrical beating moves to higher frequencies, see Fig. 3(b) . Thus, it is possible to measure transversal load in both optical and electrical domain. However, measuring in the electrical domain with an ESA has two important advantages. The first is its higher resolution. The second is the simplicity of the measurement process, since the frequency of a single peak has to be monitored. As a consequence, transversal load has been measured following the electrical beating of the emission lines in the ESA. These measurements have been taken at room temperature with a load step of 65 grams. The results, displayed in Fig. 4(a) , show a clear linear behavior with a sensor sensitivity of 3.95GHz/Kg. It can be observed a good linear fitting of the measurements with an error R 2 =0.996. The main reason of the mismatch with the linear fitting is probably caused by the experimental setup itself. Since the system that applies the load on the PS-FBG was not perfectly settled, possible variations of the angle in which the weight is applied could have caused a small mismatch in the measurements. Accordingly, to quantify the maximum possible resolution of the system, the instability of the laser was measured at room temperature and at a constant load. The beating of the two emission lines was measured every 30 sec for a total period of 30 min. The laser instability results are shown in Fig. 4(b) , from which a resolution of 4MHz can be derived. 
CONCLUSION
In this study, a new sensing application of random DFB lasers has been presented. The particular properties of random DFB fiber lasers have been exploited to interrogate a PS-FBG as a transversal load sensor. In particular, the absence of longitudinal modes of random DFB fiber lasers allows attaining higher resolution than in other transversal load sensing setups (especially over the systems based in erbium doped fiber lasers). In the proposed study, the random laser line is narrowed by means of a programmable filter and a phase-shifted fiber Bragg grating, which filters two narrow loadinterrelated emission lines with orthogonal polarization whose beating reflects the transversal load on the sensor.
